THERE are several probable sites at which a carcinogenic hydrocarbon may interact with a susceptible animal cell, triggering the process of neoplastic transformation: (1) a direct interaction with the genetic material (DNA), resulting in somatic mutation. So far, however, no direct evidence has been presented for this possible reaction, (2) interactions with cytoplasmic components which might result in a neoplastic state which is not based on structural change at the DNA level. Recent evidence has been presented by Heidelberger and Davenport (1961) and Abell and Heidelberger (1962) (Starikova and Vasiliev, 1963) to analyze quantitatively the various parameters associated with the cell-carcinogen interaction. The insolubility in aqueous solution of these hydrocarbons has thus far prevented their incorporation into physiologically compatible culture medium.
INTERACTION OF SOLUBLE COMPLEXES OF
THERE are several probable sites at which a carcinogenic hydrocarbon may interact with a susceptible animal cell, triggering the process of neoplastic transformation: (1) a direct interaction with the genetic material (DNA), resulting in somatic mutation. So far, however, no direct evidence has been presented for this possible reaction, (2) interactions with cytoplasmic components which might result in a neoplastic state which is not based on structural change at the DNA level. Recent evidence has been presented by Heidelberger and Davenport (1961) and Abell and Heidelberger (1962) on the specificity of hydrocarbon carcinogen binding by normal soluble mouse skin protein. Based upon these findings, Pitot and Heidelberger (1963) have suggested a theory of regulatory circuits, to explain alterations in the regulation and control of cell functions and growth, in carcinogenesis.
The interaction in vitro between cells and chemical carcinogens might enable a more detailed analysis of both cellular and molecular aspects of carcinogenesis. A cytotoxicity response of normal embryo cells in culture to certain hydrocarbon carcinogens in colloidal suspension (Alfred, Globerson, Berwald and Prehn, 1964) might represent one manifestation of the initial reaction between cell and chemical carcinogen. However, it was not possible by this or other methods (Starikova and Vasiliev, 1963) to analyze quantitatively the various parameters associated with the cell-carcinogen interaction. The insolubility in aqueous solution of these hydrocarbons has thus far prevented their incorporation into physiologically compatible culture medium.
The finding that low concentrations of polycyclic hydrocarbons are solubilized by aqueous purine solutions (Weil-Malherbe, 1946; Boyland and Green, 1962) stimulated further study in this laboratory on the interactions in vitro between animal cells and carcinogenic hydrocarbons. Experiments were designed to follow the possible site of interaction and binding capacity of soluble tritiated 3,4-benzopyrene complexed to non-toxic levels of caffeine, with normal mouse embryo cells in monolayer cultures.
MATERIALS AND METHODS

Cell cultures
The cell culture methods used in the present study were described previously (Alfred, Globerson, Berwald and Prehn, 1964) . Secondary monolayer cultures were prepared from cells, which originally were derived from normal embryos of C3H or C57B1 mice, and from 3,4-benzopyrene induced sarcomas (C7 tumour) produced by a single subcutaneous injection of 0-1 ml. of a 0 5 per cent 3,4-benzopyrene suspension in sesame oil. Cell suspension (5-8 x 105/ml.) in Eagle's medium containing a 4-fold concentration of amino acids, vitamins, plus 10 per cent calf serum (complete medium) were placed in glass petri dishes (50, 100 or 150 mm.) , and incubated at 370 C. in an atmosphere of 5 per cent CO2 in air.
2. Preparation of soluble 3, 4-benzopyrene-caffeine complexes Two types of 3,4-benzopyrene-caffeine solutions (3,4-BP-caf) were prepared:
(a) BP-caf unlabelled: According to the method described by Boyland and Green (1962) , 10-0 mg. recrystallized 3,4-benzopyrene were wetted in distilled water and suspended in 100 ml. of an 0 02 M aqueous caffeine solution. The suspension was stirred in a light shielded flask for [16] [17] [18] hours at room temperature, the mixture was then centrifuged for 1 hour at 5,000 r.p.m., and the supernatant was sterilized by Seitz filtration. The benzopyrene concentration of the violetcoloured solution was measured in an Aminco-Bowman spectrophotofluorometer, and compared to the fluorescence intensity of benzopyrene dissolved in acetone (activation = 390 m,t, and fluorescence 410 m,n)*. The stock preparation of BP-caf 1-072 ,ug./ml.; (b) H3-BP-caf: Approximately 10 mc of tritiated benzopyrene crystals (Radiochem. Corp., London) with a specific activity of 795 mc/mM were suspended in 100 ml. of an 0 02 M aqueous caffeine solution and processed as in (a). The concentration of benzopyrene in solution as measured by fluorescence 0 32 pg. /ml., and the radioactivity as measured with a Tri-Carb liquid scintillator -4 x 106CPM/ml. Both these preparations were stored in the dark at room temperature.
Assays of carcinogen-cell interaction
In one assay procedure the interaction between normal or neoplastic cells and non-labelled soluble 3,4-benzopyrene was expressed in terms of toxicity response and of the disappearance of the carcinogen from the medium during culture. Monolayers (3-4 hours old) of secondary cultures were washed 3 times with Eagle's medium (minus serum) by aspiration, and the cell sheets were overlaid with complete medium alone, complete medium containing varying concentrations of caffeine, or complete medium containing the BP-caf complex. At varying time intervals of culture, the growth medium was removed, the cell sheets were washed and digested as follows : The attached cells were washed 3-4 times with cold (4°C.) phosphate buffered salinie (PBS), pH 7-2, by aspiration. The cell sheet was then overlaid with cold 0-1 N NaOH and allowed to digest at 40 C. for 15 minutes. The cell digests were assayed for their protein (Lowry, Rose- brough, Farr and Randall, 1951) aind DNA contents (Burton, 1956) , and the concentration of benzopyrene in the culture fluids was determined by fluorescence. Carcinogen binding: The amount of benzopyrene bound by growing cells and the cell fractioni inivolved in binding were determined. Monolayer cultures (3-4 hours old) were prepared and washed as above. The washed cell sheets were then pulse labelled with known concentrations of H3-BP-caf complex diluted in Eagle's medium, for varying time intervals. Control cultures were * It is realized that a correction factor is requiredl for coinverting the intensity of fluorescence when different solvents are employed, depending on quenching and other factors (Berenblum and Schoental, 1946 ). This has not been established for the two solvents in question (i.e., acetone and aqueous caffeiine). The possible error should not, however, influence the different relative concentrations when using the same solvent.
exposed to Eagle's medium containing caffeine. After 5-60 minutes exposure the test materials were removed from replicate cultures, and the cell sheets were washed 3 times with Eagle's medium by aspiration. The washed cells were re-fed with complete medium and incubated under standard conditions for 24-96 hours.
Fractionation of cellular components
This entire procedure was carried out at 40 C. The culture medium was removed from 24-96 hour cultures which had been previously pulse labelled with H3-BP-caf. Cells were scraped from the glass surface with rubber policemen, and washed 3 times with 5 ml. aliquots of cold PBS. The washed cells were then suspended in cold 0-1 per cent aqueous Tween 80 solution (1 ml. /culture dish yield) and stirred for 45 minutes (Fisher and Harris, 1962) . The soluble cell components were collected by centrifugation at 4000 r.p.m. for 20 minutes. The sediment (nuclei and cell debris) was washed once more with several volumes of 0.1 per cent Tween 80, and the wash was added to the soluble components. The nuclei fraction was then deproteinized by successive washing with different concentrations of sucrose solutions (Chauveau, Moule and Rouiller, 1957) . In the application of this procedure, the nuclei were suspended in 5-0 ml. of an 0-18 M sucrose-0)0006 M MgC12 solution, and centrifuged at 500 x g for 20 minutes. The sedimented nuclei were next suspended in a 2 3 Ai sucrose-0 003 AIIMgC12 solution, centrifuged for 1 hour at 20,000 x g, and the nuclei were washed once more in 0 18 At sucrose-0 0006 M AIgC12 solution at 500 x g for 20 minutes. The partially purified nuclei fraction was stored at -20°C. until analyzed. Aliquots of the resulting cell fractions and culture media were precipitated with TCA as follows: One volume of 10 per cent TCA was added to 1 volume of the test fraction, the precipitate was collected on a millipore filter (25 mm. diameter, 0.45 ,u porosity), and the precipitate was washed twice with 1 volume each of 5 per cent TCA. The filters containing the precipitated samples, as well as 0.1-0-2 ml. aliquots of the filtrates were dried overnight at 40°C. in Packard vials. Approximately 15 ml. of scintillation fluid were added to the well-dried samples and the activity was obtained in a Tri-Carb liquid scintillator. Quenching controls were included and the specific activity was expressed as acid precipitable CPM/mg. cell protein or per ,ug. of cell DNA. Separation of soluble cell protein on Sephadex: The soluble components obtained from normal cells which had been pulse labelled with H3-3,4-BP-caf for 60 minutes (described above) and subsequently cultured for 24 hours, were separated on sephadex G 50 as follows a dialyzed sample containing 0 5 mg. protein and an activity of 1G,000 CPM (H3) was put onto the sephadex column (0 5 x 8 cm.) which had previously been washed with distilled water. The soluble protein fraction(s) were eluted (3 ml. /tube/hour) with 1-0 M NaCl. Aliquots of the eluants and controls were analyzed for radioactivity with the liquid Tri-Carb Scintillator.
RESULTS
In order to study the effect of 3,4-benzopyrene coupled to caffeine in aqueous solution (BP-caf) on the growth of normal or neoplastic cells in culture, it seemed necessary to test first the cyto-toxicity of caffeine itself. Secondary monolayer cultures of normal embryo and tumour cells were exposed to varying concentrations of caffeine dissolved in the complete medium. The results of toxicity of the cells to caffeine, illustrated in Table I , showed that caffeine at certain levels permitted normal cell functions (protein synthesis) with no detectable evidence of cytotoxic damage. The level of caffeine which was demonstrated to possess no toxicity for both normal and tumour cells was found to be 12 0 ,tg. /ml. complete medium or 62-5 /UM. Previous experiments (Alfred, Globerson, Berwald and Prehn, 1964) indicated that normal embryo cell cultures, exposed to paraffin impregnated discs of 3,4-benzopyrene particles, produced greater amounts of total protein per cell than untreated controls. The question whether soluble 3,4-BP complexes would similarly " stimulate " an increase in protein synthesis in the same cell system was analyzed. Total protein values of cell digests of normal cells grown in the presence of complete medium (supplemented by 0-0033 ,tg. 3,4-BP-caf/ml.) were compared to the protein values of control cultures grown in complete medium (supplemented by 12-0 jug. caffeine/ml.). The results shown in Fig. 1 and 2 demonstrate that low concentrations of benzopyrene in vitro caused a rapid increase in protein synthesis (protein per cell) accompanied by an increase in nucleic acid, as compared to control cells grown in medium containing caffeine alone.
The possibility of determining minute quantities of benzopyrene in solution by fluorescence when 3,4-BP-caf complex was mixed with culture medium suggested a measure of the disappearance of this agent from the medium as a function of time. Secondary monolayer cultures were exposed to 3,4-BP-caf in complete medium for varying periods of time. Following these periods of incubation, the culture fluids were removed and centrifuged at 5000 r.p.m. for 15 minutes, and the cells were washed and harvested as described in Materials and Methods, Section 3. The results recorded in Table II demonstrate that the specific fluorescence material disappeared from the medium after 24 hours, but this material could not be detected by fluorescence in the total cell digests. However, sub- (Alfred, Globerson, Berwald and Prehn, 1964) . It should be noted that the cell number and cell size of the two types of cultures were same at the time of carcinogen application. Yet the ratio of tumour cell uptake of H3-3,4-BP to that of normal cells was consistently about 10: 1 as a function of time of exposure (Fig. 3) . Further attempts were then made to establish the probable site of intracellular interaction of H3-3,4-BP and 3 hour old mouse embryo cell cultures, containing 5-8 x 106 cells/150 mm. dish. The washed cell sheets were pulse labelled for 30 or 60 minute intervals with known concentrations of the H3-3,4-BP-caf complexes. Following labelling the cell sheets were washed as previously de- scribed and cultured in complete medium (minus carcinogen) for 24-120 hours.
After cultivation the cells were harvested by scraping, washed with PBS (40 C.) by low speed centrifugation and an aliquot digested with 1 volume of 0G1 N NaOH at 40 C. The remaining portion was fractionated into its soluble cell components (sol. C.C.) and nuclei, and the nuclei fraction was digested with 1 volume of 0-1 N NaOH at 370 C. for 15 minutes. All of the cell fractions were precipitated with TCA and assayed for radioactivity. The results of experiments on the binding of H3-3,4-BP are recorded in Table III . The specific activities (Sp. act) recorded in Table III show that the soluble fraction, mainly soluble cell protein, contained the majority of the tritium label. When the activity of the soluble fractions of experiments I and II are compared to that of the cell digest fractions, 80-100 per cent of the radioactivity is associated with the soluble cell components. Of interest is the high recovery of activity in the soluble fraction of experiment IV to the relative short period of culture. This finding was reproducible in subsequent experiments and suggested that maximum carcinogen binding took place before actual active cell division began and the protein content per cell was unchanged from time zero. (Table III) , containing an activity of 16,000 CPM/ 0.5 mg. protein, was put on the equilibrated column. The separation of the radioactively bound soluble cell protein fraction on sephadex is illustrated in Fig. 6 .
Small aliquots in triplicate were taken directly from the eluted samples, dried overnight, and assayed for radioactivity. It was demonstrated that the total recovery of tritiated material which was eluted along with 280 m,u absorbing components was 81-2 per cent in terms of CPM/O.D. unit. It was not deter-mined whether or not the tritiated samples had the same fluorescence spectrum as the original agent used in carcinogen-cell interactions.
DISCUSSION
Chemical carcinogens in suspension were shown to exert in vitro a cytotoxic effect on normal cells. whereas tumour cells, tested under comparable conditions, were found to be resistant towards this effect (Alfred, Globerson, Berwald and Prehn, 1964 
